In this study, an attempt was made to optimize the default parameters in various experiments to improve the performance and heat transfer properties of the flat plate solar collector using the Taguchi method. An experimental investigation was carried out using air as working fluid at certain speeds (3.3, 3.9 & 4.5 m/s) on a PV/T collector. In this study, experiments were conducted to investigate the effects of heat transfer characteristics on performance, and the results are evaluated, since the above parameters have a great effect on the performance and heat transfer properties of the flat plate solar collector. Test Design for experiments were the Taguchi L36 Orthogonal Array Design. Experiments were carried out using the results of the outlet temperature of the air, the electrical and thermal efficiency of the collector, and the design of experiments by Taguchi method. The Verification results showed a significant improvement in the performance characteristics of the flat plate solar collector. The obtained results were analyzed in the ANSYS fluent program.
Introduction
Solar energy is a very important source of renewable energy with minimal environmental impact. Nowadays, solar energy is used for heat, electricity and so on. The conversion into useful form is the most important condition of this age. The daily solar flux on the Earth's surface provides more energy than that required by all people. In order to use solar energy efficiently, it is necessary to replace conventional energy conversion methods. Increasing the heat transfer by increasing the surface is one of the most commonly used methods. Fins are used in these methods through which the base heat transfer surface is increased.
The beneficial effects of turbulators on heat transfer were first investigated in 1921 by Royds (Royds) . Eimsa-Ard et al., (2009) developed empirical relationships by experimentally examining the effects of propeller-type turbulators in different numbers and manufactured at different angles on heat transfer, pressure loss and efficiency. In another study, Kim et al. (2007) developed an advanced nanotechnology, which is able to provide an effective platform in the field of heat transfer. In heat transfer applications, the nano-liquid is used as a heat transfer medium to absorb more heat than base air. Bulck (1991) reviewed the optimum design parameters for the cross flow heat exchanger. Vollara et al. (1999) investigated the optimum design for vertical position turbulators in the form of a rectangle. Bonjour et al. (2004) investigated the optimization in a coaxial heat exchanger where crystal-shaped fins were used as rotation generators. Yakut et al., (2005) investigated the effects of design parameters on heat transfer and pressure loss using the Taguchi Method. The suspended nanoparticles enhance the thermal, physical, radiative and transport properties of the base air. Due to the improved properties, better heat transfer characteristics are obtained in the flat plate solar collector.
Asiltürk and Akkuş, (2011) experimentally investigated the effects of increasing thermal conductivity in nano-liquids. Qi et al. (2007) investigated the effect of selected parameters on the performance of a heat exchanger using louver fins with the Taguchi approach. Numerous researches have been made in the literature by Taguchi experimental design method (Sahin and Demir, 2008; Sahin et al., 2005) . As to what another study reports, air mass is a critical factor affecting the amount of energy absorbed on the ground surface. It has been depending on the presence of particulate matter in the atmosphere and the length of the path through which the sunlight travels in the atmosphere, the AM0 (Air Mass Zero) radiation level -just above the atmosphere-falls from 1367 to 1000W/m 2 corresponding to AM1 at sea level, and AM1.5 is the standard test conditions (Virtuani et al., 2006) .
Material and Method
The objective for using Taguchi method in this study is to obtain minimum number of experiments in investigating the effects of parameters, such as material, the number of fins, the velocity of air flow, the humidity, the fin arrangement and radiation level on thermal and electrical yields. The optimal input parameter combination was determined using the Taguchi method. The Taguchi method (de Lieto Vollaro et al., 1999) is an experimental design technique used to considerably reduce the number of experiments using appropriate orthogonal arrays. Using Taguchi experimental design method, optimum values of design parameters in different systems, such as radiation, different materials, and different humidity values have been tried to be determined.
The thermal and electrical efficiencies obtained for all given test cases are compared with the baseline data obtained with the empty channel. Local and average thermal and electrical efficiencies are presented and total heat transfer improvement is investigated. The aim is to reduce the experimenting time and cost and obtain higher Signal to Noise (S/N) ratios and to reduce the noise factors and consequently increase the signal value. The standard deviation also decreases The purpose of this experiment is; to identify and measure the parameters with the greatest potential to improve the electrical and thermal efficiencies and performance characteristics of the system as well as to optimize selected design and operating parameters by modifying experimental variable parameters such as the actual transfer and speed.
Taguchi's Experimental Design (DOE) was conducted to determine the improved heat transfer properties of the airflows and the airflow that maximized performance of the photovoltaic solar panel, and to test 36 combinations of airborne species and materials.
Choosing an Orthogonal Array: An Orthogonal Array (OA) is a fractional factorial matrix that allows a balanced comparison of the interaction levels of any factor or factors. This is a matrix of numbers arranged in rows and columns, each row representing the level of the factors, and each column representing a specific factor that can be changed in each run. This sequence is called orthogonal because all columns can be evaluated independently of each other. OA has many design parameters at the same time. In this experimental study, parameters having three and two levels of control factor require 6 degrees of freedom. Mathematically: L36= 34*22 The L36 can occupy three three-level parameters. Table 1 shows the design values of the L36 orthogonal array. Parameter selection: When selecting the parameters, 6 basic operating parameters such as air velocity, radiation, humidity ratio, fin arrangement, material types, number of fins and incident solar radiation are selected. It is assumed that these parameters have a significant effect on the performance characteristics and they were tested using photovoltaic solar. In the Taguchi design experiment, two levels are considered for materials and the number of fins, and three levels for back channel parameters. The physical properties of the base air, the heat transfer properties, and the fins for the turbulence formation. It is estimated that the collector performance depends on the solar irradiation. For this reason, the Reynolds number, the number of fins and the incident solar power were chosen as the affected features. In the engineering system, manipulated production and performance factors behave in three categories: (Asiltürk, Akkuş, 2011) .
 Control factors affecting the process variability measured by the S/N ratio.  Signal factors affecting the S/N ratio or average of the process  Factors affecting the S/N ratio or the average of the transactions S/N ratio properties can be divided into three categories given by the following three equations when the properties are continuous (Shetty, Pai, Rao, Nayak, 2009 ).
 Nominal is the best feature; = 10 log 2
(1)  Smaller feature is better; = −10 log 1 (∑ 2 ) (2)  Greater feature is better; = −10 log 1 (∑ 1 2 )
Here, ̅ is the average of the observed data, (S_Y^2); (Y) is variation, n is the number of experimental observations. In Taguchi method, some factors rise or fall is good or bad. For example, the thinning of the boundary layer and the decrease in heat transfer coefficient slapping, causing an increase in heat transfer and this is good I mean S-N, S or older I prefer to be low. How good is the result when considering it? In this experiment, better characteristics are taken into consideration, since reactions in parameters such as outlet temperature, collector efficiency and heat transfer rate must be higher. The experiments were carried out based on the design values obtained from the L36 vertical alignment. Mean fluid velocity, inlet air temperature and solar radiation source has a constant value in all experiments. Experiments were validated and verified by carrying out multiple repetitions. If the deviation of the experimental reading measured for a given air velocity is lower than the specified limits during the constant temperature time, it is assumed that the collector is operating under steady state conditions. The air velocity is between 3.3, 3.9 and 4.5m/s and the irradiation level is around 900, 1100 and 1350 W per square meter of photovoltaic surface area.
The flat plate photovoltaic is tested against Reynolds number. The block diagram of the flat plate solar collector is shown in Figure 2 . Once the steady-state condition is satisfied, the data averages are taken for each test period and the Taguchi method is used for optimization.
Figure 1. Solar flat photovoltaic plate collector test setup
A test setup was designed to investigate the thermal and electrical performance of the PV/T air system. This system was built in the engineering faculty laboratory at Ataturk University in Erzurum. A schematic diagram of the whole experimental setup is shown in detail in Figure 1 . This experimental study was designed to investigate how temperature affects the efficiency and power output of a PV panel during operation and by using various fin numbers and arrangements.
The amount of radiation was tried to be kept constant at 900, 1100 and 1350 W/m 2 by using light bulbs during experiments. This radiation intensity cannot be measured by direct solar radiation on earth. However, this, or even higher intensities are possible in condensed (lens, mirror etc.) photovoltaic systems.
Mathematical Formulation
The law of conservation of mass (also referred to as the first law), the most basic law of thermodynamics, applies to all thermodynamic calculations.
Before performing the thermodynamic analysis of the photovoltaic thermal (PV/T) system, which is the subject of this study, it should be noted that the system is a control volume with continuous flow (an open system). A control volume is the general name for systems with a mass flow through their boundaries. The mass transfer from any system to the control volume or from the control volume to the system in a Δt time interval is equal to the change of mass in the control volume at that time interval.
The energy equation for a continuous flow system is:. 
The total solar power from the sun is the sum of the thermal power gain and the electrical power production (̇=I.V) and is given as below:
[kW] (6) and the first-law efficiency is:
When there is a flow in the system, regarding the calculations, it is important to determine whether the flow is compressible or incompressible. Where is concluded to be the Newtonian flow.
Using Equation 6, with the help of the energy the air has gained within the designed control volume, the total heat transfer coefficient for the system can be calculated.
Against each Reynolds value for the air acting as the refrigerant in the system, a different thermal and electrical efficiency will correspond.
The finned part of the test system, which is placed in the control volume in the test setup and ensured to fully contact with the panel, is the most important part of the system. In the control volume, two different arrangement configurations, a frequent arrangement with 54 pcs and 108 pcs and a sparse arrangement with 54 and 108 pcs, were used for both aluminum and copper cylindrical fins. In order to investigate the effects of the fins on the heat transfer rate, a baseline data has also been acquired with no fins installed in the control volume. Experiments were carried out using artificial solar radiation on a mono crystalline photovoltaic panel and measurements were taken. 
Results and Discussion
Experimental studies were carried out according to the Taguchi design. The boundary conditions of each experiment were constant and the obtained data were analyzed using Taguchi analysis. The signal-to-noise ratio is an important part of the experimental data when analyzed by the Taguchi method. According to the Taguchi method, the maximum (S/N) ratio is required to obtain optimum heat transfer properties.
The level values of the factors obtained according to Taguchi design for thermal and electrical efficiency are given in Table 3 and Table 4 . Better characteristics are selected and the thermal and electrical efficiency of the input parameters in Fig.  5 . Therefore, interpretations can be made based on the level values of the factors A, B, C, D, E and F given in Table 3, Table 4 and in Fig. 4 , when the optimum heat transfer parameters of the experiments to be performed under the same conditions are determined. Different values of the ratios (S/N) between maximum and minimum (main effect) are shown in Table 3 and Table 4 . 200 0,7424 0,0589 0,0525 (0,6395; 0,8452) μ: mean of C1
The error analysis was performed for Exp. No: 31 which gives the best results. This analysis was conducted at a 95% confidence level. As a result of the analysis, the error rate is calculated to be 16% approx. The analysis of the wear test results was carried out using the "Biggest-Best" calculation method. As can be seen from Table 3 , Table 4 , Fig.  4 and Fig. 5 , the arrangement of the fins and the material are considered to be the most influential factors in the experiments. 
Conclusion
The Taguchi experimental design was used to obtain optimum heat transfer properties of the flat plate solar collector. Experiments were carried out using air as the heat transfer medium. Test results were analyzed using ANOVA and obtained results are given below.
Using the Taguchi method, the L36 vertical array has four different performance levels: air velocity, number of fins, fins material and incident solar radiation. instead of carrying out the full factorial number of experiments, only 36 experiments were carried out. (S/N) ratio was found to be the main influent factor. Variance analysis was applied to obtain the rates (S/N) to discover the interactions between the factors related to electrical and thermal efficiency and heat transfer rate. An attempt was made to reckon the best combination of variable values.
The results are as given below:
1. The most effective factor on thermal efficiency was found to be the Number of Fins (B), while the next most prominent being Air Velocity (E). The importance ratings were found to be Material (A), (108), Radiation (900 w), Arrangement (Shifted Type 2), Air Velocity (4.5 m/s) and Humidity (7.5 or 9.4) were chosen to be optimal values for variable system parameters.
4. Prior to this study, the most important parameter to be most effective on these experiments was assumed to be the material. But it turned out that the most important parameter for the study is the number of fins.
5. While the number of experiments to be carried out with 2 variable 2 parameters and 3 variable 4 parameters is 324, thanks to the implementation of Taguchi method, the problem could be solved in 36 experiments and it provides equipment savings. 
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